Background. Positive peritoneal cytology is classified as M1 disease in gastric and pancreatic cancer. While peritoneal cytology is typically obtained by laparoscopic peritoneal lavage, this study sought to examine the feasibility and safety of performing this percutaneously, with monitored anesthesia care and in combination with other diagnostic procedures to condense and expedite the staging process. Methods. Patients with gastric or pancreatic cancer scheduled for laparoscopy with peritoneal lavage were prospectively enrolled to undergo intraoperative percutaneous peritoneal lavage prior to laparoscopic peritoneal lavage. Saline was infused through a percutaneously-inserted catheter and fluid was collected for peritoneal cytology. Three-quadrant washings collected during laparoscopy were also sent for peritoneal cytology. The primary outcome was to evaluate the sensitivity and specificity of percutaneous peritoneal lavage for detecting positive peritoneal cytology compared with the gold standard of laparoscopic peritoneal lavage, while the secondary outcome was to determine safety. Results. Percutaneous peritoneal lavage was successfully performed in 70 of 76 patients (92%). Ten of 48 gastric cancer patients (21%) and three of 22 pancreatic cancer patients (14%) had positive percutaneous and laparoscopic peritoneal cytology. Two additional gastric cancer patients had positive laparoscopic peritoneal cytology only. Sensitivity and specificity of percutaneous peritoneal lavage compared with laparoscopic peritoneal lavage were 87% and 100%, respectively. No complications occurred with percutaneous peritoneal lavage. Conclusions. Percutaneous peritoneal lavage is a safe and effective minimally invasive alternative to laparoscopic peritoneal lavage for the diagnosis of metastatic gastric and pancreatic cancer. It is possible this can be utilized in an outpatient setting, such as during endoscopy, to allow for earlier diagnosis of M1 disease and decreased time to appropriate treatment.
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Peritoneal lavage can be used to stage patients with gastric and pancreatic cancers. A common pathway for gastric cancer includes initial diagnosis with endoscopy, followed by staging with computed tomography (CT) and/ or positron emission tomography (PET) scan, and endoscopic ultrasound if clinically indicated, then diagnostic laparoscopy with peritoneal lavage. Peritoneal cytology is routinely included in the staging algorithm for gastric cancer since positive cytology, even in the absence of visible peritoneal metastases, represents stage IV disease. 1, 2 Similarly, in pancreatic cancer, positive peritoneal cytology is prognostically equivalent to metastatic disease; however, the incidence of positive cytology in the absence of gross metastatic disease is lower than in gastric cancer and the practical utility of this procedure has been questioned. [3] [4] [5] [6] [7] For some patients, positive peritoneal cytology may be the only evidence of metastatic disease found during laparoscopy. 8, 9 Peritoneal lavage can be particularly useful in this patient population with no clinical evidence of metastatic disease in order to reduce the occurrence of unnecessary laparotomy and non-curative operative resections in those with radiographically occult M1 disease.
While peritoneal lavage has only been performed laparoscopically in the oncologic setting, diagnostic peritoneal lavage (DPL) has been done percutaneously in the trauma setting since its introduction in 1965 for the rapid diagnosis of intra-abdominal injury.
10 DPL is performed with local anesthetic through an infraumbilical incision. A soft catheter is inserted into the abdominal cavity using the Seldinger technique, and 1 L of warmed isotonic solution is infused and allowed to drain passively. Percutaneous DPL using a Veress needle has also been described with similar efficacy. [11] [12] [13] A minimum of 10 mL of fluid is sent for cell count analysis and a red blood cell count of [100,000/mL is considered positive. Large-scale studies of DPL in trauma have shown high sensitivity and specificity for detecting intra-abdominal injury of 87-96 and 97-99%, respectively. 14, 15 The overall complication rate with either open or percutaneous DPL is extremely low, occurring in \1% of cases. 16, 17 In this study, we propose the adaptation of a procedure that has been effectively used in trauma for the rapid staging of gastric and pancreatic cancer. The goal of this study was to compare minimally invasive percutaneous peritoneal lavage with the current standard of laparoscopic lavage.
METHODS
This was a single-institution, single-arm, prospective trial. Overall, 115 patients with gastric or pancreatic cancer scheduled for diagnostic laparoscopy at Memorial Sloan Kettering Cancer Center were prospectively reviewed for study enrollment from November 2010 to September 2012. All patients were potential candidates for resection. Patients were excluded if there was any evidence of metastatic disease on cross-sectional imaging within 6 weeks of the procedure date or any other synchronous abdominal malignancies. This study was approved by the Institutional Review Board and informed consent was obtained from all patients.
The primary objective was to determine the concordance of percutaneous and laparoscopic lavage in diagnosing intraperitoneal metastases. The lavage cytology outcome examined for each patient was binary: positive or negative. Atypical cytology was characterized as negative and suspicious cytology was characterized as positive, consistent with current practice. In order to test the null hypothesis that sensitivity was at least 80%, we planned to accrue patients until we identified at least 10 gastric cancer patients and 10 pancreatic cancer patients with positive lavage. This sample size was obtained in gastric cancer patients but was unable to be achieved in pancreatic cancer patients given the significantly lower incidence of positive lavage cytology in this patient population.
Both percutaneous and laparoscopic peritoneal lavage was performed in the operating room under general anesthesia by one of seven attending surgical oncologists.
Percutaneous lavage was performed first. A Veress needle was inserted in the standard fashion in the left upper quadrant of the patient's abdomen and intraperitoneal placement of the needle was confirmed by gravity infusion of 5 mL of normal saline. A guidewire was placed through the Veress needle and a 9-French peritoneal catheter was inserted over the guidewire utilizing the Seldinger technique. A goal of 800 mL of warmed normal saline was infused into the abdomen and a minimum of 5 mL of peritoneal fluid was drawn back through the catheter. If available, additional peritoneal fluid was withdrawn through the catheter and added to the initial sample. In cases where only a limited volume of solution could be infused, this was accepted if there was adequate fluid return to send for cytology. In other cases, additional fluid was infused to enable sufficient specimen collection. After this percutaneous specimen was obtained, the wire and catheter were left in place, and laparoscopy was performed through the same left upper quadrant incision. Laparoscopic washings were performed in the right and left upper quadrants, as well as the pelvis. A minimum of 5 mL of peritoneal fluid was obtained laparoscopically from each quadrant using a suction device and was also sent for cytology. Additional warmed normal saline was infused as needed to obtain sufficient laparoscopic samples. All specimens underwent cytologic evaluation by an institutional pathologist. Positive cytology was defined by the presence of any malignant cells, regardless of the number of malignant cells. In the event of discordant results between samples from the same patient, such as a finding of positive percutaneous lavage but negative laparoscopic lavage, the patient was considered to have a positive lavage.
The primary outcome was to determine the sensitivity and specificity of minimally invasive percutaneous peritoneal lavage for rapid staging of gastric and pancreatic cancer, in comparison with the current standard of care of laparoscopic lavage. The secondary outcome was to evaluate the safety of this percutaneous technique. Safety was measured in the number of bowel, major omental, or major vascular injuries.
Data analysis was performed using IBM SPSS version 22 (IBM Corporation, Armonk, NY, USA) and R 3.1.1 (R Foundation, Vienna, Austria). The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (PPV) of percutaneous peritoneal lavage in determining positive peritoneal cytology compared with laparoscopic peritoneal lavage were calculated. Exact confidence intervals (CIs) were calculated and when estimates were equal to 100%, the lower limit was estimated as 100*(1 -(3/n)) according to the 'rule of three'. 18 Only patients with cytology results from both percutaneous and laparoscopic lavage were included in this analysis. An intention-to-treat analysis was not performed as it is not possible, or clinically relevant, given the comparison of percutaneous lavage to the gold standard laparoscopic lavage. Instead, patients with only percutaneous or laparoscopic lavage cytology results were described separately. Overall survival (OS) was measured from the time of procedure until the time of last known follow-up or death, and was estimated using Kaplan-Meier methods and compared using the log-rank test. A p value \0.05 was considered significant.
RESULTS
Seventy of the 76 patients (92.1%) who underwent attempted percutaneous peritoneal lavage had adequate percutaneous and laparoscopic specimen collection. Two patients had failed entry, defined as an inability to access the abdomen using the Veress, or an inability to pass the guidewire through the Veress; four additional patients had successful entry with inadequate fluid return for cytology. The 70 patients with adequate percutaneous and laparoscopic specimen collection were the focus of our analysis.
Forty-eight patients had gastric cancer (68.5%), and 22 had pancreatic cancer (31.4%). The median patient age was 65 years (range 44-87 years), with a predominance of male patients (43/70, 61.4%). Twenty-two of 48 gastric cancer patients (46%) had disease confined to the cardia and/or fundus, 22 (46%) to the body and/antrum, and 4 (8%) with diffuse gastric disease. Fifteen of 22 pancreatic cancer patients (68.2%) had disease confined to the proximal pancreas, and 7 (31.8%) in the distal pancreas. Patient demographics and presenting characteristics are summarized in Table 1 .
Intraoperatively, the median amount of percutaneous fluid return was 60 mL (range 10-400 mL). No complications occurred during percutaneous peritoneal lavage. A laparoscope was inserted immediately after performance of percutaneous peritoneal lavage to confirm the absence of any bowel, omental, or vascular injury ( Table 2) .
Ten of 48 gastric cancer patients (20.8%) had positive percutaneous lavage cytology (Table 2) , all of whom were also positive on laparoscopic lavage. An additional two patients, who had negative percutaneous lavage, had positive laparoscopic lavage. Four of these 12 gastric cancer patients with positive peritoneal cytology also had visible metastatic disease during laparoscopy (three peritoneal, one omental). Ten patients with positive cytology had T4 primary gastric tumors and two had T3 primary tumors. Three of 22 pancreatic cancer patients (13.6%) had positive peritoneal cytology on both percutaneous and laparoscopic lavage, and all three patients also had visible metastatic disease during laparoscopy (two peritoneal, one hepatic). For gastric cancer patients, there was 95.8% concordance in peritoneal cytology between percutaneous and laparoscopic peritoneal lavage, and 100% for pancreatic cancer patients. The overall sensitivity and specificity of percutaneous peritoneal lavage compared with laparoscopic peritoneal lavage was 86.7% (95% CI 59.5-98.3) and 100% (95% CI 94.5-100), respectively, which corresponded with a PPV of 100% (95% CI 76.9-100) and NPV of 96.5% (95% CI 87.9-99.6) ( Table 3) .
Four patients (6%) were found to have gross metastatic disease during diagnostic laparoscopy despite having both negative percutaneous and laparoscopic peritoneal cytology. This occurred in one gastric cancer patient and one pancreatic cancer patient with peritoneal disease, and two pancreatic cancer patients with liver lesions.
Within the six patients who had technical failure of percutaneous lavage due to either failed entry or inadequate specimen collection, there was one case of positive laparoscopic cytology in a gastric cancer patient and another in a pancreatic cancer patient, both with visible peritoneal disease on diagnostic laparoscopy. One other pancreatic cancer patient had negative laparoscopic cytology but visible hepatic metastatic disease on diagnostic laparoscopy.
Median follow-up for all surviving patients was 44 months. Median follow-up for gastric cancer patients was 46 months. For those with positive peritoneal cytology, 2-year survival was 25.0% (95% CI 9.4-66.6), compared with 74.5% (95% CI 61.4-90.4) for those with negative peritoneal cytology (p \ 0.001) (Fig. 1a) . Median follow-up for pancreatic cancer patients was 8 months, but four of the nine surviving patients had follow-up of over 40 months. For those with positive peritoneal cytology, 2-year survival was 0%, compared with 34.8% (95% CI 17.3-70.0) for those with negative peritoneal cytology (p \ 0.001) (Fig. 1b) .
DISCUSSION
In this prospective study of 70 gastric or pancreatic cancer patients, percutaneous peritoneal lavage achieved high sensitivity and specificity for evaluating peritoneal cytology, compared with the current standard of laparoscopic peritoneal lavage. Patients who have reached this step in the diagnostic algorithm are usually candidates for resection with otherwise no evidence of metastatic disease. For both gastric and pancreatic cancer, positive peritoneal cytology is classified as M1 disease, and thus stage IV disease. If metastatic disease is identified through peritoneal cytology, treatment recommendations shift dramatically from resection to palliative therapy.
Peritoneal cytology remains a powerful staging and prognostic tool as it has been shown to be a significant predictor of patient outcomes in gastric and pancreatic cancer and a marker of poor OS regardless of resection status. Similar to previous studies in both gastric and pancreatic cancer, we identified a significant survival difference between patients with positive and negative peritoneal cytology. Burke et al. reviewed the long-term survival of 127 gastric cancer patients who underwent laparoscopic peritoneal lavage. 19 OS was significantly reduced in patients with positive peritoneal cytology who underwent resection, and matched that of unresected patients with macroscopic M1 disease. Similarly, Bando et al. found positive peritoneal cytology to be strongly correlated with peritoneal carcinomatosis and significantly decreased OS in 1297 gastric cancer patients, of whom 24% had positive peritoneal cytology. The 5-year OS for patients with negative peritoneal cytology was 58%, but only 2% for those with positive cytology. 20 Increased incidences of positive cytology were found with higher T-stage primary tumors. Similarly, in our study, positive cytology was most commonly found in gastric cancer patients with T4 tumors.
The significance of positive peritoneal cytology in pancreatic cancer is similar to gastric cancer, with Previous studies report median OS of 10-11 months in pancreatic cancer patients with positive peritoneal cytology, compared with 16-27 months in those with negative cytology. 9, 22 This re-emphasizes that positive cytology identifies microscopic peritoneal disease and signifies tumor dissemination. In a larger study of 462 patients with radiographically resectable pancreatic cancer, Ferrone et al. found significantly decreased OS among patients who underwent resection in the setting of positive peritoneal cytology. 23 This poor survival reported among resected gastric or pancreatic cancer patients with positive cytology suggests that resection is of limited benefit for these patients, and systemic therapies need to be considered instead.
In this study, we found the overall prevalence of positive peritoneal cytology to be lower in pancreatic cancer patients compared with gastric cancer patients (20.8 vs. 13.6%). In our study, the three pancreatic patients with positive peritoneal cytology all had visible peritoneal disease on diagnostic laparoscopy; there were no cases of patients with only microscopic metastatic disease. This raises the question of the incremental value of peritoneal cytology in pancreatic cancer patients as it may not identify any new M1 disease compared with laparoscopic visualization alone.
Our study is unique as one of the earliest prospective studies to demonstrate the use of percutaneous peritoneal lavage in an oncologic setting, and to examine this in both gastric and pancreatic cancer. The only oncologic precedent to the percutaneous technique is in a small series of 27 gastric cancer patients who also underwent percutaneous peritoneal lavage followed by laparoscopic lavage. 24 In that study, comparable to ours, percutaneous lavage was successful in 22/27 patients (81.5%). The sensitivity and specificity of percutaneous lavage was also similar (92.3 and 100%, respectively). Our results emphasize the potential of percutaneous peritoneal lavage for early rapid detection of metastatic disease in both gastric and pancreatic cancer patients. The percutaneous technique introduces the possibility of performing this step of the diagnostic algorithm in a monitored setting outside the operating room. For gastric patients, this may occur at the time of endoscopic ultrasound, and, for pancreatic patients, at the time of endoscopic biopsy or stent placement. This can be particularly helpful in gastric cancer patients who require serial peritoneal lavages, such as before and after chemotherapy, as clearing of positive cytology by chemotherapy is a known positive prognostic indicator. 25 A significant limitation to percutaneous peritoneal lavage is the inability to visually inspect the intra-abdominal compartment. Of the 70 evaluable patients in our study, one gastric cancer patient and three pancreatic cancer patients had visible metastatic disease on direct laparoscopy that was neither identified by percutaneous or laparoscopic peritoneal cytology. While the identification of positive peritoneal cytology confirms M1 disease, sparing patients unnecessary diagnostic laparoscopy and laparotomy, patients with negative peritoneal cytology should continue to diagnostic laparoscopy to capture these potentially missed M1 cases.
CONCLUSION
Percutaneous peritoneal lavage is an effective tool in the rapid diagnosis of metastatic gastric and pancreatic cancer, with comparable sensitivity and specificity to the current standard of laparoscopic peritoneal lavage. However, given the overall low incidence of positive peritoneal cytology in pancreatic cancer compared with gastric cancer, this technique may be of greatest practical utility in gastric cancer. Future applications for this percutaneous technique include its use in monitored settings outside the operating room for early identification of metastatic disease, and initiation of appropriate systemic treatment.
